Abstract. Magneto-acoustic-electrical tomography (MAET) is a method of non-invasive conductivity imaging, with three couplings of magnetic field, acoustic field and electric field. It is suitable for the conductivity imaging of low-conductivity fluid or approximate fluid medium. MAET will have a broad application prospect in the field of bio-impedance imaging. Acoustic and electrical characteristics of biological tissue are important factors in magneto-acoustic-electrical tomography, it is essential to evaluate the effect of acoustic inhomogeneity on the sound pressure distribution and the electrical signal. In this paper, a numerical analysis of the positive problem of magneto-acoustic -electrical tomography of eight groups of human tissues with different density and sound velocity, such as blood and cerebrospinal fluid, is carried out. Firstly, establishing a two-dimensional plane model of pure fluid and applying ultrasonic excitation. Secondly, combining with the current continuity theorem and getting the target body potential distribution. Finally, the voltage signal can be calculated. The simulation results show that compared to the acoustic parameter value usually used in the approximate calculation, the voltage signal error of the muscle tissue is the largest of the seven groups of parameters under the same condition. The results of the study laid the foundation for the study of the influence of the acoustically inhomogeneous model of human tissue on the magneto-acoustic -electrical tomography.
Introduction
In areas such as electrical resistance tomography (ERT), electrical impedance tomography (EIT), and well logging with electrical resistance tomography, non-invasive detection and imaging of the internal resistivity of the target are the ultimate goals. For the resistivity imaging method, it has the advantage of high contrast of the measured parameters, but the spatial resolution, limited by the number of detection sensors, is low. However, the ultrasonic imaging, which has no advantage of functional imaging, has a high spatial resolution and a low contrast of the acoustic impedance of the biological tissue. Thus, resistivity imaging method and ultrasound imaging method are complementary. We can see that the multiphysics coupling imaging has become a research hot spot which combined the advantages of electromagnetic and ultrasound.
Magneto-acoustic-electrical tomography is a multiphysics exploration and imaging technique that incorporates electromagnetic, ultrasound and imaging technologies. With conductivity as the imaging target parameter, it is more and more concerned with the advantages of non-invasive, good contrast and high sensitivity [1, 2] . In the previous study of magneto-acoustical tomography, the researchers believe that the acoustic parameters of most of the biological tissues are near-unanimous, and the acoustic parameters are approximated by assuming that the biological tissues have homogeneous acoustic characteristics and inhomogeneous electrical characteristics [3] .
In recent years, in order to improve imaging resolution and research accuracy, the inhomogeneity of acoustic parameters attracted attentions in the magnetoacoustic tomography with magnetic induction (MAT-MI) firstly. In 2014, Lian Zhou et al. proposed a reconstruction algorithm of magnetoacoustic tomography with magnetic induction for an acoustically inhomogeneous tissue [4] . The method offers a potential solution to perform MAT-MI high-resolution imaging in acoustically inhomogeneous tissue, especially for brain imaging. In 2016, Wei Zhang et al. analyzed the image reconstruction in magnetoacoustic tomography with magnetic induction with variable sound speeds provide a new algorithm to solve the forward and inverse problems in inhomogeneously acoustical media [5] . The solution of inverse problem can accurately reconstruct the distribution of acoustic sources in MAT-MI. However, the influence of fluctuations in the density of biological tissues and the inhomogeneity of sound velocity and density on the magneto-acoustic-electrical tomography (MAET) signals has not been studied yet.
In this paper, numerical analysis is carried out for the forward problem of Magneto-acousticelectrical tomography under acoustically inhomogeneous characteristics. A 2-dimensional planar geometric model, with the same geometry and conductivity distribution and different acoustic parameters, was used to compare the sound pressure distribution and the voltage signal under the same excitation. The simulation results show that the density and sound velocity of different biological tissues have an impact on the sound pressure distribution and the voltage signal in the magneto-acoustic-electrical tomography process. The results of the analysis provide a preliminary basis for the effect of the magneto-acoustic-electrical tomography of an inhomogeneous model of human tissue.
Principle of Magneto-Acoustic-Electrical Tomography
The specific principle of magneto-acoustic-electrical tomography as shown in Figure 1 , a number of ultrasonic transducers around the target body emits narrow ultrasonic pulse to the target body in time, causing the target body local vibration velocity , generating equivalent source of electric field under the action of static magnetic field , and resulting in the target body changes with the current distribution of ultrasonic transmission. Attach a pair of electrodes to the surface of the target body, or place a coil outside the target body can detect the corresponding electrical signals. Regard different positions to launch ultrasound to stimulate the generation of electrical signals as a data source, through a certain reconstruction algorithm, the conductivity distribution of target body can be rebuilded . Because strong current pulse excitation is replaced by ultrasonic excitation, this imaging method is more safe and effective for the human body. Due to the focusing effect of ultrasound can achieve similar B-point scanning imaging, reconstruction time is greatly reduced, the conductivity of the imaging effect is significantly improved. In addition, electrical signal detection makes it easier to achieve impedance matching than acoustic transducer detection of piezoelectric transducers, making it easier to increase the gain and signal-to-noise ratio of the detection system.
Forward Problem of Acoustic Field
Human tissue is a substance composed of water, fat and protein, which can be called fluid-like medium. Since the sound pressure is a scalar, calculation or measurement is relatively easy to
achieve, the sound velocity can be calculated easily by calculating or measuring the sound pressure. Therefore, the sound pressure has become the most commonly used physical quantity describing the sound field in the fluid. Since the coupling between the sound field and the electromagnetic field is weakly coupled, the vibration velocity and the sound pressure of the particle in the magneto-acoustic imaging can be obtained through the solution of the sound field.
The continuous equation of acoustic field in fluid is formulated as follows [6] :
where denotes the medium density without disturbance, is the medium pressure without disturbance, is sound-induced density disturbances, is the vibration velocity of the particles in the medium, and is the sound pressure.
The acoustic field motion equation in fluid is At the boundary of the infinity region, the sound pressure and particle velocity decay to zero, that is:
Where is the boundary of area .According to (6) -(7), the sound pressure and particle velocity can be solved.
Forward Problem of Electromagnetic Field of MAET
The corresponding equivalent current source in the medium is (8)
In the formula, For the static magnetic flux density (T); is the conductivity( ）; a is the current density of the equivalent current source( ）. is the alternating magnetic flux density (T).
The total current density in the target is (9) Where, (10) (11) Where is the magnetic vector potential, u is the electric scalar potential.
For low-conductivity human tissue, the amplitude of the alternating magnetic flux density is usually less than , so in the calculation of the electric field, the magnetic vector potential and magnetic flux density in and are ignored. Therefore, the total current density is approximately Where is the boundary of area . According to the above two equations, the the electric scalar potential of the MAET can be calculated.
Computer Simulation
In order to verify the influence of density and sound speed of different biological tissues on the sound pressure distribution and voltage signal in magneto-acoustic-electrical tomography, a multi-physics coupling software COMSOL was used to establish magneto-acoustic-electrical tomography model of the biological tissue and conduct the coupled-field finite element analysis. Considering the 2-dimensional geometric model of fluid, applying ultrasonic and static magnetic field excitation, calculating sound pressure and electric potential distribution, and further using MATLAB to calculate the voltage signal.
The simulation model is shown in Figure 2 , where the radius of the boundary is 0.02 m, the radius of the target is 0.005m, and the radius of the sound pressure excitation source is 0.002m. The target The acoustic properties of human tissues in Table 1 are substituted into the model for the calculation of the forward problem of acoustic field and electromagnetic field. The acoustical characteristics of human tissues are designated as deionized water and subjected to finite element simulation. Figure 3 shows the sound pressure distribution obtained by solving the forward problem of acoustic field. Figure 4 is the same conditions under the electric scalar potential distribution. Substitute the data in Table 1 for calculation, and derive the sound pressure and electric potential calculation results corresponding to the acoustic parameters of the seven groups of human tissues. One probe sampling interval of 10 . Taking the sound pressure information of all the points on the horizontal axis from (0,0) to (0.02,0), taking the acoustic properties of deionized water as a reference, Figure. 5 shows the differences in the sound pressure distributions of the acoustic parameters of the seven groups of human tissues, Figure 6 shows that in the MATLAB environment to calculate the magneto-acoustic-electrical tomography voltage signal. The comparison of voltage signals of the cerebellum and fat with the voltage signals of parameters of the approximate calculation shows that the relative error of the cerebellum (Figure 7 ) relative to the approximate value is twice as high as the relative error of fat relative to the approximation (Figure 8 ) under the simulation conditions of this paper by using the 2 norm relative error evaluation method，which is 2.46% and 1.23% respectively.
The results show that there is some influence on the magneto-acoustic-electrical signals in the acoustic inhomogeneity of human tissues. 
Summary
In order to study the influence of acoustic heterogeneity of human tissue on MAET signal, this paper deals with the calculation of the forward problem of acoustic field and electromagnetic field for human tissues with different acoustic parameters. The acoustic pressure signals of seven groups of acoustic parameters under the 2-dimensional planar geometric model of fluid are given. The comparison of voltage signals of the cerebellum and fat with the voltage signals of parameters of the approximate calculation shows that the relative error of the cerebellum relative to the approximate value is twice as high as the relative error of fat relative to the approximation .After the forward problem of electromagnetic field is calculated, the effect of acoustic inhomogeneity on the magneto-acoustic-electrical signal is further illustrated by the simulation results. 
